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7KH,QWHUQDWLRQDO&RQIHUHQFHRQ6RIW&RPSXWLQJDQG6RIWZDUH(QJLQHHULQJ6&6(
$6,&,PSOHPHQWDWLRQIRU,PSURYHG&KDUDFWHU5HFRJQLWLRQDQG
&ODVVLILFDWLRQXVLQJ6110RGHO
0UV6&KDWXUYHGLD'U$$.XUVKLGE
D5HVHDUFK6FKRODU(OHFWURQLFV*+5&(1DJSXU06,QGLD
E3URIHVVRU(OHFWURQLFV5&2(01DJSXU06,QGLD

$EVWUDFW
7KHWKLUGJHQHUDWLRQRIVSLNLQJQHXUDOQHWZRUNVUDLVHVWKHOHYHORIELRORJLFDOUHDOLVPE\XVLQJLQGLYLGXDOVSLNHV
6RLQVWHDGRIXVLQJUDWHFRGLQJWKHVHQHXURQVXVHSXOVHFRGLQJPHFKDQLVPVZKHUHQHXURQVUHFHLYHDQGGRVHQGRXW
LQGLYLGXDO SXOVHV DOORZLQJPXOWLSOH[LQJ RI LQIRUPDWLRQ7KLV ZRUN GHSLFWV KRZ 6SLNLQJ QHXUDO QHWZRUNPRGHO LV
XVHG IRU FKDUDFWHU UHFRJQLWLRQ DQG FODVVLILFDWLRQ+HUH ZH DGDSW WR WKH WHFKQLTXH RI XVLQJ$6,& IRU ODUJH VFDOH
VLPXODWLRQVRIWKH,]KLNHYLFKPRGHODQGXVH57/&ORFNJDWLQJDSSURDFKIRUUHGXFLQJWKHG\QDPLFSRZHU+HUHWKH
IRFXV LV RQ KRZ SRZHU FRQVXPSWLRQ DQG V\VWHP FRVW FDQ EH UHGXFHG IRU ODUJH SURGXFWLRQ UXQ 7KH IXOO FXVWRP
ELRORJLFDOO\SODXVLEOHVSLNLQJQHXUDOQHWZRUNPRGHOLV LPSOHPHQWHGRQ$6,&ZLWKQP3URFHVV7KH,]KLNHYLFK
VSLNLQJQHXURQPRGHO LVEHVW VXLWHG IRU ODUJH VFDOHFRUWLFDOVLPXODWLRQVGXH WR LWVDFFXUDF\HIILFLHQF\SRZHUDQG
VLPXODWLRQWLPH7KHFODVVLILFDWLRQHIILFLHQF\RI611EDVHGRQ0$7/$%VLPXODWLRQVLVGHPRQVWUDWHGLQWKLVZRUN
E\LWVDELOLW\WRFODVVLI\WKHFKDUDFWHUVFRUUHFWO\RXWRIQRLV\FKDUDFWHULPDJHVSUHVHQWHG7KH$6,&UHDOL]LQJ
WKH(QJOLVKFKDUDFWHUFODVVLILFDWLRQDQGUHFRJQLWLRQGLVVLSDWHVSRZHURIP:DQGDQDUHDRIP7KLV
ZRUNEULQJV DERXW WKH DSSOLFDWLRQRI XVLQJQHWZRUNVRI WKHVH VSLNLQJ QHXURQV IRU FKDUDFWHU UHFRJQLWLRQ DQG WKHLU
VXLWDELOLW\IRUFXVWRPUHDOL]DWLRQZLWKUHGXFHGSRZHUFRQVXPSWLRQ

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRI7KH,QWHUQDWLRQDO&RQIHUHQFHRQ6RIW&RPSXWLQJDQG6RIWZDUH
(QJLQHHULQJ6&6(
.H\ZRUGV$UWLILFLDO1HXUDO1HWZRUN$116SLNLQJ1HXUDO1HWZRUN611/HDN\,QWHJUDWH	)LUH1HXURQ0RGHO,]KLNHYLFK0RGHO
3DWWHUQ&ODVVLILFDWLRQ	5HFRJQLWLRQ$SSOLFDWLRQ6SHFLILF,QWHJUDWHG&LUFXLWV$6,&


&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVV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,QWURGXFWLRQ
3DWWHUQ 5HFRJQLWLRQ LV DVVLJQPHQW RI D SK\VLFDO REMHFW RU D ODEHO WR RQH SUHVSHFLILHG FDWHJRULHV 3DWWHUQ
5HFRJQLWLRQ GHDOV ZLWK FDWHJRUL]LQJ DQ LPDJH DFFRUGLQJ WR LWV FODVV WR ZKLFK LW EHORQJV 7KH PHDVXUHPHQW RU
SURSHUWLHVXVHGWRFODVVLI\REMHFWVLVFDOOHGDV)($785(6DQGWKHW\SHRUFDWHJRULHVLQWRZKLFKWKH\DUHFODVVLILHG
DUH FDOOHG DV &/$66(6 ,Q WKLV ZRUN ZH IRFXV RQ GLIIHUHQW LPDJHV RI DQ (QJOLVK FKDUDFWHU 8SSHUFDVH DQG
ORZHUFDVH+HUHZH DUH WU\LQJ WR LGHQWLI\ WKH FODVV RI DQ LQSXW LPDJH LHZKHWKHU LW LV D FDSLWDO RU VPDOO OHWWHU
9DULRXVQRQSDUDPHWULFDQGSDUDPHWULFFODVVLILHUVDUHFRPPRQO\XVHGIRU3DWWHUQFODVVLILFDWLRQDSSOLFDWLRQVQDPHO\
.QHDUHVWQHLJKERUN11IRUVLPSOLFLW\JHQHUDODSSOLFDELOLW\DQGHIILFLHQF\SDU]HQZLQGRZEHFDXVHRI LWVKLJK
FRPSXWDWLRQDO UHTXLUHPHQWV %D\HVLDQ FODVVLILHU LV RQH RI WKH VLPSOHVW QRQSDUDPHWULF FODVVLILHUV NQRZQ IRU KLJK
FODVVLILFDWLRQDFFXUDF\7RHQKDQFHRXUZRUNWKHSDUDPHWULFQHXUDOFODVVLILHUEHLQJDVLPSOHPXOWLOD\HUSHUFHSWURQ
0/3 KDV EHHQ LPSOHPHQWHG 611V LQFRUSRUDWH WKH FRQFHSW RI WLPH LQWR WKHLURSHUDWLQJ PRGHO ZKLFK PHDQV
WKDWQHXURQVLQWKH611GRQRWILUHDWHDFKSURSDJDWLRQF\FOHEXWUDWKHUILUHRQO\ZKHQDPHPEUDQHSRWHQWLDO±DQ
LQWULQVLFTXDOLW\RIWKHQHXURQUHODWHGWRLWVPHPEUDQHHOHFWULFDOFKDUJHUHDFKHVDVSHFLILFYDOXHFDOOHGDVWKUHVKROG
:KHQDQHXURQILUHV LWJHQHUDWHVDVLJQDOZKLFKWUDYHOVWRRWKHUQHXURQVZKLFKLQWXUQ LQFUHDVHRUGHFUHDVHWKHLU
SRWHQWLDOVLQDFFRUGDQFHZLWKWKLVVLJQDO5HFHQWVWXGLHVKDYHLPSOHPHQWHGWKH,]KLNHYLFKQHXURQPRGHOLQVWHDGRI
WKHLQWHJUDWHDQGILUHPRGHORQ)3*$VGXHWRLWVDFFXUDF\HIILFLHQF\SRZHUDQGVLPXODWLRQWLPH,QWKLVSDSHU
ZHH[SORUHWKHIHDVLELOLW\RIXVLQJ$6,&IRUODUJHVFDOHVLPXODWLRQVRIWKH,]KLNHYLFKPRGHO7KHGHYHORSPHQWDQG
PDQXIDFWXUHRIDQ$6,&GHVLJQLQFOXGLQJWKH$6,&OD\RXWLVDYHU\H[SHQVLYHSURFHVV,QRUGHUWRUHGXFHWKHFRVWV
WKHUH DUH GLIIHUHQW OHYHOV RI FXVWRPL]DWLRQ WKDW FDQ EH XVHG QDPHO\*DWH $UUD\ 6WDQGDUG&HOO DQG )XOO &XVWRP
'HVLJQ
7KLVSDSHULVRUJDQL]HGDVIROORZV6HFWLRQH[SODLQVWKHGLIIHUHQWVWDJHVLQYROYHGLQSDWWHUQFODVVLILFDWLRQ6HFWLRQ
GLVFXVVHVWKHXVHRI611/,)DQG,]KLNHYLFKPRGHOIRUSDWWHUQFODVVLILFDWLRQ,WFRPSDUHVWKHWZRPRGHOVLQ
WHUPVRIWKHLUFODVVLILFDWLRQVXFFHVVUDWHV6HFWLRQGHVFULEHVWKH$6,&+DUGZDUHUHTXLUHPHQWVRI,]KLNHYLFKPRGHO
LQWHUPVRIDUHDDQGSRZHU

6WDJHVRI3DWWHUQ&ODVVLILFDWLRQ
9DULRXVVWHSVLQYROYHGLQUHFRJQL]LQJDSDWWHUQDUH3UHSURFHVVLQJ)HDWXUHH[WUDFWLRQ7UDLQLQJRIQHWZRUNIROORZHG
E\FODVVLILFDWLRQ3UHSURFHVVLQJEDVLFDOO\LVSURFHVVLQJDQLPDJH,PDJHSURFHVVLQJLQWXUQLVGLYLGHGLQWRWZRSDUWV
LH(GJH'HWHFWLRQDQG)HDWXUH([WUDFWLRQ3UHSURFHVVLQJ>)LJ@LVGRQHWRREWDLQWKHJUD\PRQRFKURPHIRUPRI
DQ LPDJH ,Q WKLVZRUN(GJH'HWHFWLRQ>)LJ@ LV LPSOHPHQWHGE\XVLQJ*DXVVLDQ)LOWHU7KHDOJRULWKPXVHGIRU
HGJH GHWHFWLRQ LV FDQQ\ DOJRULWKP  )HDWXUH ([WUDFWLRQ LV GRQH E\ XVLQJ*DERU ILOWHU 7KH LQSXW GDWD IHG WR WKH
1HXUDO1HWZRUNLVJLYHQLQWHUPVRID)HDWXUH9HFWRU)HDWXUHYHFWRULVDQ1GLPHQVLRQDOYHFWRUKDYLQJQXPHULFDO
YDOXHVWKDWUHSUHVHQWVFHUWDLQREMHFW9DOXHVLQDIHDWXUHYHFWRUUHSUHVHQWFHUWDLQSL[HOYDOXHVRIGHVLUHGREMHFWVLQDQ
LPDJH7KHVHYDOXHVDUHFRPELQHGZLWK:HLJKWVWRREWDLQGRWSURGXFWVLQ1HXUDO1HWZRUNV,QWKHSURSRVHGZRUN
ZHKDYHXVHG*DERU)LOWHUIRUIHDWXUHH[WUDFWLRQEHFDXVHRILWVVLPLODUFKDUDFWHULVWLFVZLWKFHUWDLQEUDLQQHXUDOFHOOV
LQDKXPDQYLVXDOFRUWH[V\VWHP

611DV3DWWHUQ&ODVVLILHU

7KH FRPSRQHQW RI JHQHULF VSLNLQJ QHXURQV SUHV\QDSWLF DQG SRVWV\QDSWLF DFWLRQ SRWHQWLDO OHDG WR PDWKHPDWLFDO
PRGHOV ZKLFK FDQ EH XVHG IRU VLPXODWLRQV IURP VLPSOH WR FRPSOH[ PRGHOV 7KH QHXURG\QDPLFV DOORZ UHODWLYH
LQIRUPDWLRQSURFHVVLQJIRUIDVWFRPSXWDWLRQ7KHSURSRVHGZRUNZRXOGIRFXVRQGHVLJQLQJDQHIILFLHQWDOJRULWKPWR
UHDFKWRPLQLPDOQXPEHURIRSHUDWLRQVDQGLWPD\EHH[WHQGHGWRPRGHOVZKLFKLQFOXGHJDSIXQFWLRQRUGHQGULWH
GHQGULWHLQWHUDFWLRQV$OVRDOOV\QDSWLFYDULDEOHVVKDULQJWKHVDPHOLQHDUG\QDPLFVFRXOGEHUHGXFHGWRDVLQJOHRQH
WKHUHE\UHGXFLQJWKHFRVWRIXSGDWHDQGWKHHIIRUWFRXOGEHGLUHFWHGWRGHVLJQVXLWDEOHDOJRULWKPVIRUPRUHFRPSOH[
PRGHOV RUPRUH UHDOLVWLFPRGHOV WKDW DUH VXLWDEOH IRU IHDWXUH H[WUDFWLRQ GLPHQVLRQDOLW\ UHGXFWLRQ DQG FOXVWHULQJ
DSSOLFDWLRQV 
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 
)LJ3UHSURFHVVLQJ)LJ(GJH'HWHFWLRQ

6SLNLQJ1HXUDO1HWZRUNV611%DVLFV

:KHQDSRVLWLYHLQSXWFXUUHQWLVDSSOLHGWRWKHPHPEUDQHRIQHXURQLWJHQHUDWHVVSLN\VLJQDORIWKHPHPEUDQH
SRWHQWLDO7KHVSLNHIUHTXHQF\GHSHQGVXSRQWKHDPSOLWXGHRIWKHLQMHFWHGFXUUHQW7KHUHIRUHDQDQDORJVLJQDOFDQ
EHHQFRGHGLQWRPRGXODWHGVSLNHWUDLQVZKLFKLVNQRZQDVUDWHFRGLQJ$QDFWLYLW\IXQFWLRQFDQEHGHILQHGZLWK
DRQDQGDRIIGXULQJSRVLWLYHDQGQHJDWLYHKDOIFRGLQJUHVSHFWLYHO\
/HDN\LQWHJUDWHGDQGILUHQHXURQPRGHO

/HDN\ LQWHJUDWHG DQG ILUH QHXURQ PRGHO LV SRSXODU 611 PRGHO ZKLFK IDOOV LQWR WKH WKLUG JHQHUDWLRQ RI QHXUDO
QHWZRUNPRGHOZKLFK LQFUHDVHV WKH OHYHORI UHDOLVPLQQHXUDOVLPXODWLRQ ,WDOVR LQFRUSRUDWHV WKHFRQFHSWRI WLPH
LQWRWKHLURSHUDWLQJPRGHOV/,)PRGHOLVSRSXODUIRULWVVLPSOLFLW\DQGHDVHWRLPSOHPHQWZLWKORZFRPSXWDWLRQDO
FRVW,Q/,)PRGHOLQSXWLPDJHLVILUVWFRQYHUWHGLQWRSURSRUWLRQDOLQSXWVLJQDOZLWKFHUWDLQWLPHSHULRG³7´LQPLOOH
VHFRQGV7KHVSLNLQJQHXURQVDUHVLPXODWHGZLWKLQSXWVLJQDOVDQGILUHVZKHQSRWHQWLDOUHDFKWKHVSHFLILFYDOXH$VD
UHVXOWRIWKLV/,)PRGHOJHQHUDWHVDFWLRQSRWHQWLDOFDOOHGDVVSLNHV,QSXWLQMHFWLRQFXUUHQWFDQEHFDOFXODWHGDV
, ;:ș
:KHUH;LVWKHLQSXWSDWWHUQ:LVWKHV\QDSWLFZHLJKWDQGșLVWKHJDLQIDFWRU
9¶ ,DEYLI99WKUHVKWKHQ9ĸF
:KHUH9LVWKHPHPEUDQHSRWHQWLDO,LVWKHLQSXWFXUUHQWDQGDE&DQG9WKUHVKDUHWKHSDUDPHWHUV:KHQPHPEUDQH
SRWHQWLDOUHDFKHVWKHWKUHVKROGYDOXHQHXURQVILUHVDQGJHQHUDWHVVSLNHVZKLFKEULQJPHPEUDQHSRWHQWLDOUHVHWWRF
/,)PRGHOJHQHUDOO\JHQHUDWHVWKHWRQLFVSLNHVZLWKFRQVWDQWIUHTXHQF\
,]KLNHYLFKPRGHO
(XJHQH,]KLNHYLFKSURSRVHGRQHRI WKHSRZHUIXOPRGHOV >)LJ@RI VSLNLQJQHXUDOQHWZRUNZKLFKFDQEHXVHG WR
VWXG\LQGLYLGXDOQHXURQVDQGVLPXODWHVWKRXVDQGVRIQHXURQVLQUHDOWLPHDWPVUHVROXWLRQXVLQJGHVNWRS3&
,]KLNHYLFKGHYHORSIROORZLQJHTXDWLRQIRUJHQHUDWLRQRIVSLNHV
9¶ YY8,
8¶ DEYX
:LWKWKHDX[LOLDU\DIWHUVSLNHVUHVHWWLQJ
,I9YWKHQYĸFDQG8ĸXG
:KHUH Y LV WKHPHPEUDQH SRWHQWLDO RI QHXURQ DQG X LV WKHPHPEUDQH UHFRYHU\ YDULDEOHZKLFK LV UHVSRQVLEOH IRU
DFWLYDWLRQDQGLQDFWLYDWLRQRI.DQG1DLRQLFFXUUHQWUHVSHFWLYHO\DQGSURYLGHQHJDWLYHIHHGEDFNWRY
$OVRDEFGDUHGLPHQVLRQOHVVSDUDPHWHUVZKHUHDLVWKHWLPHVFDOHRIUHFRYHU\YDULDEOHXZLWKW\SLFDOYDOXH
ELVWKHVHQVLWLYLW\RIUHFRYHU\YDULDEOHXWRVXEWKUHVKROGIOXFWXDWLRQVRIPHPEUDQHSRWHQWLDOZLWKW\SLFDOYDOXH
F LV WKH DIWHU VSLNH UHVHW YDOXHRIPHPEUDQHSRWHQWLDO FDXVHGE\ IDVW KLJK WKUHVKROG. FRQGXFWDQFHZLWK W\SLFDO
YDOXH PY DQG G LV WKH DIWHU VSLNH UHVHW RI UHFRYHU\ YDULDEOH 8 FDXVHG E\ VORZ KLJK WKUHVKROG 1D DQG .
FRQGXFWDQFHZLWKW\SLFDOYDOXH:KHQVSLNHVUHDFKHVPYWKHQXDQGYUHVHWDFFRUGLQJWRHTXDWLRQ6\QDSWLF
FXUUHQWGHOLYHUHGWKURXJKYDULDEOH,
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
)LJ9DULRXVVSLNHVRI,]KLNHYLFKPRGHO

6110RGHOVLPXODWLRQ

+HUHKDQGZULWWHQVDPSOHVRIHDFKFKDUDFWHUVDUHXVHG7KHVFDQQHGLPDJHFRQWDLQVQRLVHLQLWZKLFKGHJUDGHV
WKHTXDOLW\RILPDJH7RHQKDQFHWKHLPDJHTXDOLW\SUHSURFHVVLQJLVGRQHDVGHVFULEHGLQVHFWLRQIROORZHGE\
H[WUDFWLRQRIIHDWXUHVZKLFKLVYHU\LPSRUWDQWLQSDWWHUQUHFRJQLWLRQ7KHUHOHYDQWIHDWXUHVDUHH[WUDFWHGIURPLPDJH
ZKLFKLVNQRZQDVIHDWXUHYHFWRUV7KHIHDWXUHYHFWRUVDUHWKHLQSXWVWRWKHQHWZRUN$IWHUWKHLQSXWVDUHJLYHQWRWKH
QHWZRUNWKHLPDJHVDUHWUDLQHGE\XVLQJEDFNSURSDJDWLRQDOJRULWKPZKLFKLVIDVWHVWDVFRPSDUHGWRRWKHU
DOJRULWKPVIRUVXSHUYLVHGOHDUQLQJEXWUHTXLUHVPRUHPHPRU\:KLOHXVLQJWKHDOJRULWKPLWZDVIRXQGWKDWLWLV
QHFHVVDU\WRH[SOLFLWO\LQFRUSRUDWHLQKLELWRU\DQGH[FLWDWRU\QHXURQVZLWKLQKLELWRU\DQGH[FLWDWRU\QHXURQV
GHIQHGE\JHQHUDWLQJUHVSHFWLYHO\QHJDWLYHDQGSRVLWLYH363VXVLQJRQO\SRVLWLYHZHLJKWV,QWKLVWDVNWKHVSLNLQJ
QHXUDOQHWZRUNZDVDEOHWRJHWEHWWHUUHFRJQLWLRQUDWHVIRUDVXEVHWRIFKDUDFWHUVDVFRPSDUHGWRVLPSOHVWDWLVWLFDO
PHWKRGV$IWHUWUDLQLQJWKHLPDJHLVUHFRJQL]HGE\/,)PRGHO>)LJ@>)LJ@DQG,]KLNHYLFKQHXURQPRGHO,QWKLV
SURSRVHGZRUNZHKDYHREVHUYHGWKDW,]KLNHYLFKPRGHOJLYHVEHWWHUFODVVLILFDWLRQHIILFLHQF\DVFRPSDUHGWR/,)
0RGHO

,QYDOLG,QSXW&RQGLWLRQ

7KLVQHWZRUNFDQQRWLGHQWLI\DQ\LPDJHRWKHUWKDQ(QJOLVKFKDUDFWHUVDVVKRZQLQ)LJ

   
)LJµH¶RXWSXWVSLNHV )LJ5HFRJQLWLRQRI³H´E\/,)0RGHO)LJ,QYDOLG,QSXW&RQGLWLRQ

7KHGHPRQVWUDWHGZRUNZDVFDUULHGRQGLIIHUHQWVDPSOHVRI(QJOLVKFKDUDFWHUVµ'¶µD¶µ(¶µG¶µ%¶XVLQJ/,)
DQG ,]KLNHYLFK PRGHO &RPSDULVRQ RI WKHVH PRGHOV LV VKRZQ LQ WKH UHVXOW WDEOH  ,Q WKLV ZRUN IRFXV LV  RQ
SDUDPHWHUVOLNHUHFRJQLWLRQUDWHDQGFRPSXWDWLRQDOVSHHGDQGZHZRXOGOLNHWRHPSKDVLVHWKDWERWKWKHPRGHOVKDYH
WKHLURZQVLJQLILFDQFH7KRXJK/,)PRGHOLVIDVWHUWKDQ,]KLNHYLFKPRGHOEXWUHFRJQLWLRQUDWHRI,]KLNHYLFKPRGHO
LVPRUHDFFXUDWHWKDQWKH/,)PRGHO

$6,&LPSOHPHQWDWLRQXVLQJ611

7KH WRS OHYHOGHVLJQFRQVLVWVRI WKHPRGXOHVQDPHO\ 1HXURQ0RGH WKH$XGLR&RGHF&RQWUROOHU'HOD\&RXQWHU
$'&'$&&RQWUROOHU,QWKHEORFNGLDJUDPWKHFRGHFZLOOEHLQLWLDOL]HGXVLQJWKHWZRZLUH,&SURWRFROEHWZHHQ
WKHKDUGZDUHDQGWKHFRGHF7KHLQLWLDOL]DWLRQGDWDJHWVVWRUHGLQD520PRGXOH7KHWHVWLQSXWVWRWKHWRSOHYHORI
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WKHSURMHFWZLOOEHSURYLGHGWKURXJKNH\VWKHFORFNVDYDLODEOHDQGWKHDQDORJOLQHLQDXGLRLQSXW7KHLQSXWZLOOEH
XVHGWRLQLWLDOL]HWKHPRGXOHVLQWKHSURMHFWWRWKHLUUHVHWFRQGLWLRQVDQGWRVHOHFWWKHRXWSXWQHXURQPRGHOXQHXURQ
PRGHOYRUDORRSEDFNWHVWIRUWKHDXGLRFRGHF>)LJ@
7DEOH&RPSDULVRQRIUHVXOWVIRU6110RGHOV
61R 6DPSOH,QSXW $FFXUDF\/,) $FFXUDF\,]KHLNHYLFK
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)LJ1HXURQ%ORFN'LDJUDP
&ORFNJDWLQJ

$VLJQLILFDQWIUDFWLRQRIWKHG\QDPLFSRZHULQDFKLSLVLQWKHGLVWULEXWLRQQHWZRUNRIWKHFORFN8SWRRUHYHQ
PRUHRIWKHG\QDPLFSRZHUFDQEHVSHQWLQWKHFORFNEXIIHUV7KLVUHVXOWVPDNHVLQWXLWLYHVHQVHVLQFHWKHVHEXIIHUV
KDYH WKH KLJKHVW WRJJOH UDWH LQ WKH V\VWHP WKHUH DUH ORWV RI WKHP DQG WKH\ RIWHQ KDYH D KLJK GULYH VWUHQJWK WR
PLQLPL]HFORFNGHOD\,QDGGLWLRQWKHIORSVUHFHLYLQJWKHFORFNGLVVLSDWHVRPHG\QDPLFSRZHUHYHQLIWKHLQSXW	
RXWSXWUHPDLQWKHVDPH0RGHUQGHVLJQWRROVVXSSRUWDXWRPDWLFFORFNJDWLQJWKH\FDQLGHQWLI\FLUFXLWVZKHUHFORFN
JDWLQJFDQEHLQVHUWHGZLWKRXWFKDQJLQJWKHIXQFWLRQRIWKHORJLF7KHPRVWFRPPRQZD\WRUHGXFHWKLVSRZHULVWR
WXUQFORFNVRIIZKHQWKH\DUHQRWUHTXLUHG7KLVDSSURDFKLVNQRZQDVFORFNJDWLQJ,QWKHRULJLQDO57/7KHUHJLVWHU
LVXSGDWHGRUQRWGHSHQGLQJRQDYDULDEOH (17KHVDPHUHVXOWFDQEHDFKLHYHE\JDWLQJ WKHFORFNEDVHGRQ WKH
VDPHYDULDEOH,IWKHUHJLVWHUVLQYROYHGDUHVLQJOHELWVWKHQDVPDOOVDYLQJVRFFXUV,IWKH\DUHVD\ELWUHJLVWHUV
WKHQRQHFORFNJDWLQJFHOOFDQJDWHWKHFORFNWRDOOUHJLVWHUVDQGDQ\EXIIHUVLQWKHLUFORFNWUHHV7KLVFDQUHVXOW
LQFRQVLGHUDEOHSRZHUVDYLQJV0XFKRIWKHSRZHUVDYLQJVZDVGXHWRWKHIDFWWKDWWKHFORFNJDWLQJFHOOVZHUHSODFHG
HDUO\LQWKHFORFNSDWK$SSUR[LPDWHO\RIWKHFORFNEXIIHUVFDPHDIWHU WKHFORFNJDWLQJFHOODQGVRJDGWKHLU
DFWLYLW\UHGXFHWR]HURGXULQJJDWLQJ
6WHSVWRLQVHUWFORFNJDWLQJORJLFWRV\QWKHVL]HWKHGHVLJQZLWKWKHFORFN
x 7KHILUVWVWHSLVWRXQGHUVWDQGWKH57/GHVLJQ
x 7KHQH[WVWHSLVWRXWLOL]HWKHFRPSLOHBXOWUD±JDWHB&ORFNFRPPDQGWRFRPSLOHGHVLJQ
'XULQJWKLVPHWKRGWKHFRPSLOHUKDYHWRH[HFXWHWKHIROORZLQJWFOFRPPDQGV2SWLRQDOVHWWLQJ

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x UHDGBQHXURQPRGHOY
x FUHDWHBFORFNSHULRGQDPH&/.
x FRPSLOHBXOWUDJDWHBFORFNVFDQ
x LQVHUWBGIW
x UHSRUWBFORFNBJDWLQJ
x UHSRUWBSRZHU
,QVHUWLQJ &ORFN *DWLQJ LQ WKH 57/ JHQHUDWHG ,]KLNHYLFK VSLNLQJ QHXURQ PRGHO XVLQJ 6\QRSV\V 3RZHU
&RPSLOHU>)LJ@

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 











)LJ'HVLJQIORZIRUSRZHUV\QWKHVLVZLWKLQ'HVLJQ&RPSLOHU
 
3RZHU2SWLPL]DWLRQRIWKHJHQHUDWHG,]KLNHYLFKVSLNLQJQHXURQPRGHOXVLQJWKHGHVLJQ&RPSLOHU
&ORFNJDWLQJDSSOLHV WR V\QFKURQRXV ORDGHQDEOH UHJLVWHUVZKLFKDUHJURXSVRI IOLSIORSV WKDW VKDUH WKH VDPH
FORFN DQG V\QFKURQRXV FRQWURO VLJQDOV DQG WKDW DUH LQIHUUHG IURP WKH VDPH +'/ YDULDEOH 6\QFKURQRXV FRQWURO
VLJQDOVLQFOXGHV\QFKURQRXVORDGHQDEOHV\QFKURQRXVVHWV\QFKURQRXVUHVHWDQGV\QFKURQRXVWRJJOH7KHUHJLVWHUV
DUHLPSOHPHQWHGE\'HVLJQ&RPSLOHUE\XVHRI IHHGEDFN ORRSV+RZHYHU WKHVHUHJLVWHUVPDLQWDLQWKHVDPH ORJLF
YDOXHWKURXJKPXOWLSOHF\FOHVDQGXQQHFHVVDULO\XVHSRZHU
&ORFN JDWLQJ VDYHV SRZHU E\ HOLPLQDWLQJ WKH XQQHFHVVDU\ DFWLYLW\ DVVRFLDWHG ZLWK UHORDGLQJ UHJLVWHU EDQNV
'HVLJQV WKDW EHQHILW PRVW IURP FORFN JDWLQJ DUH WKRVH ZLWK ORZWKURXJKSXW GDWD SDWKV:H UHDOL]H D GLJLWDO ,=+
QHXURQPRGHO LV LPSOHPHQWHG LQ VLOLFRQ XVLQJ  QP3URFHVV 7KH GHVLJQ QXPHULFDOO\ ZRUNV RXW WKH ,]KLNHYLFK
HTXDWLRQVZLWKDIL[HGSRLQWQXPEHUYHUVLRQUHVXOWLQJLQDFRPSDFWDQGHQHUJ\HIILFLHQWQHXURQZLWKDYDULDWLRQLQ
G\QDPLFDOFKDUDFWHULVWLFV
$GLJLWDO$6,&LPSOHPHQWDWLRQ>)LJ@RIWKHQHWZRUNUHVXOWVLQFRQVWDQWFRQVLVWHQWDQGKLJKO\SURJUDPPDEOH
FLUFXLWV ZKLOH WKH SRZHU RSWLPL]HG GHVLJQ VW\OH OHDGV WR 3RZHU HIILFLHQW QHXURQV DQG WKHLU QHWZRUNV 2XU
PHWKRGRORJ\XVHVFORFNJDWLQJDVDQVLJQLILFDQWKLJKOHYHOWHFKQLTXHIRUPLQLPL]LQJWKHSRZHUXWLOL]DWLRQRI
D GHVLJQ&ORFN JDWLQJ GHFUHDVHV  WKH  FORFN QHWZRUN SRZHU GLVVLSDWLRQ UHOD[HV  WKH GDWDSDWK  WLPLQJDQG
UHGXFHVURXWLQJFRQJHVWLRQE\HOLPLQDWLQJIHHGEDFNPXOWLSOH[HUORRSV
,Q RXUPRGHO WKH ILUVW OD\HU RSHUDWHV DV LQSXW OD\HU QHXURQV DQG WKH VHFRQG OD\HU DV RXWSXW QHXURQV ,QSXW
YHFWRULVIHGWRWKHILUVW OD\HURIQHXURQVZKLFKZHUHIHUWRDVOHYHOZLWKHDFKLPDJHSL[HOFRUUHVSRQGLQJWRD
VHSDUDWHLQSXWQHXURQ7KXVWKHQXPEHURIQHXURQVLQOHYHOZDVHTXDOWRWKHQXPEHURIELQDU\SL[HOVLQWKHLQSXW
YHFWRU 7KH QXPEHU RI VHFRQG OD\HU QHXURQV ZKLFKZH UHIHU WR DV OHYHO ZDV HTXDO WR WKH QXPEHU RI WUDLQLQJ
LPDJHV/DVWO\HDFKOHYHOQHXURQZDVFRQQHFWHGWRHYHU\OHYHOQHXURQ
,&LVDVHULDOSURWRFROIRUWZRZLUHLQWHUIDFHWRFRQQHFWORZVSHHGGHYLFHVOLNHPLFURFRQWUROOHUV((3520V
$' DQG'$ FRQYHUWHUV ,2 LQWHUIDFHV DQG RWKHU VLPLODU SHULSKHUDOV LQ HPEHGGHG V\VWHPV ,& EXV >)LJ@ LV
SRSXODUEHFDXVHLWLVVLPSOHWRXVHWKHUHFDQEHPRUHWKDQRQHPDVWHURQO\XSSHUEXVVSHHGLVGHILQHGDQGRQO\WZR
ZLUHVZLWKSXOOXSUHVLVWRUVDUHQHHGHGWRFRQQHFWDOPRVWXQOLPLWHGQXPEHURI,&GHYLFHV,&XVHVRQO\WZRZLUHV
6&/VHULDOFORFNDQG6'$VHULDOGDWD%RWKQHHGWREHSXOOHGXSZLWKDUHVLVWRUWR9GG(DFKVODYHGHYLFHKDVD
XQLTXHDGGUHVV7UDQVIHUIURPDQGWRPDVWHUGHYLFHLVVHULDODQGLWLVVSOLWLQWRELWSDFNHWV

 57/
'HVLJQFRPSLOHU
 3RZHUFRPSLOHU
1HWOLVWRSWLPL]HGIRUWLPLQJDUHD
SRZHU	WHVW
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)LJ611$UFKLWHFWXUH
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)LJ%XV$UFKLWHFWXUH'HVFULSWLRQ

&RPSDUDWLYHV\QWKHVLVDQDO\VLV
7DEOH&RPSDUDWLYH6\QWKHVLVDQDO\VLV
3DUDPHWHU 8VLQJ.11&ODVVLILHU
$6,&LPSOHPHQWDWLRQXVLQJ)DUDGD\OLEUDU\
FHOOVIRU/,)PRGHO
3URSRVHG&ODVVLILHU
$6,&)XOOFXVWRPLPSOHPHQWDWLRQIRU
,]KHLNHYLFKPRGHO
3RZHUP:  
$UHDȝP  

/D\RXWZLWK,&&RPSLOHU
$IWHUWKHJDWHOHYHOQHWOLVWLVHIIHFWLYHO\FUHDWHGE\WKH'HVLJQ&RPSLOHUWKHOD\RXWRIWKH,]K6R&LVLQLWLDWHGE\WKH
KHOSRI,&&RPSLOHUDVVKRZQLQ)LJ

&RQFOXVLRQ

,W FDQ EH VKRZQ IURP WKH 7DEOH  WKDW (QJOLVK DOSKDEHWV 8SSHUFDVH DQG ORZHUFDVH DUH FODVVLILHG DV ZHOO DV
UHFRJQL]HG DFFRUGLQJ WR WKH FODVV WR ZKLFK WKH\ EHORQJ ,W ZDV IRXQG ,]KHLNHYLFK 1HXURQ 0RGHO JLYHV EHWWHU
DFFXUDF\WKDQ/,)PRGHO:HHPSKDVL]HXSRQWKDWLQWKHSUHVHQFHRIQRLVHLQWKHLPDJHV,]KLNHYLFKVKRZVEHWWHU
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SHUIRUPDQFH DV   RXW RI    LPDJHV  DUH FRUUHFWO\ FODVVLILHG +HQFH WKH FXUUHQW ZRUN IRFXVHV RQ $6,&
LPSOHPHQWDWLRQ EDVHG RQ WKH ,]KLNHYLFK VSLNLQJ QHXURQ PRGHO DQG LW ZDV IRXQG WKDW WKH (QJOLVK FKDUDFWHU
FODVVLILFDWLRQ DQG UHFRJQLWLRQ  611  IXOO FXVWRP QHWZRUN GLVVLSDWHV SRZHU RI P: DQG  UHTXLUHV DQ DUHD RI
 P 7KLV FOHDUO\ GHPRQVWUDWHV WKH UREXVWQHVV RI 6SLNLQJ QHXUDO  QHWZRUNV RYHU FRQYHQWLRQDO SDWWHUQ
UHFRJQLWLRQ DOJRULWKPV LQ FODVVLI\LQJ YDULHG KDQGZULWWHQ FKDUDFWHU LPDJHV 7KXV WKH ,]KLNHYLFK VSLNLQJ QHXURQ
PRGHOLVEHVWVXLWHGIRUODUJHVFDOHFRUWLFDOVLPXODWLRQVGXHWRLWVDFFXUDF\HIILFLHQF\SRZHUDQGVLPXODWLRQWLPH
7KHQXPEHURIVSLNLQJQHXURQVUHTXLUHGIRUWKHHQFRGLQJRIWKHFKDUDFWHUUHFRJQLWLRQSUREOHPWKHWUDLQHG
QHWZRUNVGHPRQVWUDWHWKDWWHPSRUDOFRGLQJLVDYLDEOHFRGHIRUIDVWQHXUDOLQIRUPDWLRQSURFHVVLQJDQGDVVXFK
UHTXLUHVOHVVQHXURQVWKDQLQVWDQWDQHRXVUDWHFRGLQJ

)LJ/D\RXWRIWKHJHQHUDWHG,]KLNHYLFKVSLNLQJQHXURQPRGHO
7RHQKDQFH WKH UHFRJQLWLRQRIZRUGVREMHFWV WKURXJK ,]KLNHYLFKQHXUDOPRGHOXVLQJ6XSSRUWYHFWRUPDFKLQHV
FDQ EH DQ DOWHUQDWLYH IRU FODVVLILFDWLRQ DV 690V KDYH D  VSHFLDO SURSHUW\  WKDW LW VLPXOWDQHRXVO\ PLQLPL]HV WKH
HPSLULFDOFODVVLILFDWLRQHUURUDQGPD[LPL]HWKHJHRPHWULFPDUJLQ)XWXUHZRUNFRXOGPDNHXVHRIK\EULGDSSURDFK
ZKLFK RYHUFRPHV WKH GLVDGYDQWDJHV RI SXUH $6,&EDVHG  GHVLJQV E\ SURYLGLQJ IOH[LELOLW\ ORZ LQLWLDO FRVW ORZ
GHVLJQF\FOHDQGUHTXLUHGSURFHVVLQJSRZHU
5HIHUHQFHV
6KUXWL5.XONDUQL0DU\DP6KRMDHL%DJKLQL6SLNLQJ1HXUDO1HWZRUNEDVHG$6,&IRU&KDUDFWHU5HFRJQLWLRQWK,QWHUQDWLRQDO
&RQIHUHQFHRQ1DWXUDO&RPSXWDWLRQ,&1&
5REHUWR$9D]TXH]$OHLVWUH&DFKRQ³,QWHJUDWHDQG)LUH1HXURQVDQGWKHLU$SSOLFDWLRQLQ3DWWHUQ5HFRJQLWLRQ´WK ,QWHUQDWLRQDO
&RQIHUHQFHRQ(OHFWULFDO(QJJ&RPSXWLQJVFLHQFHDQG$XWRPDWLF&RQWURO&&(6HSWHPEHU
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